Outcome Mortality a b s t r a c t Background: Status epilepticus (SE) is a common neurological emergency; convulsive SE has a distribution with peaks in children and elderly than adult population. Aim: To determine the clinical characteristics and factors associated with in hospital mortality in adult patients admitted to the neurointensive care unit (NICU).
Introduction
Status epilepticus (SE) in adults is defined as continuous, generalized convulsive seizure that lasts for more than 5 min or two or more seizures during which the patient doesn't regain consciousness. 1 Of the various types of SE, convulsive status epilepticus (CSE) is reported in up to 27 per every 100,000 adults. 2 Convulsive SE has a distribution with peaks in children and elderly. Nevertheless, a considerable percentage of all patients with CSE are aged between 18 and 60 years. Nearly one third of these patients get refractory to treatment with benzodiazepine and one anti-epileptic drug (AED), which is named as refractory SE (RSE). 3 The cause of CSE differs with age, in adults change and/or non-compliance to anti-epileptic medications accounts for the majority of the patients, however in elderly, cerebrovascular accident (CVA) is the commonest observed etiology. 4, 5 Interestingly, in nearly 20% of the cases the etiology is unknown. 6 In a significant number of patients with pre-existing epilepsy, no precipitating factor has been reported.
The short term mortality (at 30 days) in CSE patients is approximately 27%. 7, 8 Patient age at diagnosis, severity of the etiology and duration of CSE has been shown to predict short term mortality in these patients. 9, 10 Additionally, longer duration of SE may aid in making it refractory to treatment. 11 Importantly, early and aggressive management of CSE will improve outcome in these patients. 12 Knake et al, suggested that treatment of SE can be divided into three stages, initial out of hospital, initial treatment in hospital and treatment of RSE. 13 Various findings reported from large in hospital studies done in developed countries, show a variable prognosis of CSE, 14 with mortality ranging from 3% to 50%. However similar data in developing countries is scarce or under-estimated. 10 Older age and CNS infections in children have been widely accepted predictors for poor outcome in patients with CSE. 6 Studies previously reported in India have been done across the spectrum of age, 11,15e17 however, the adult group of the patients between the age 18 years and 60 years is less studied, possibly due to the two prong, bimodal distribution of SE in children and elderly.
However, adults form an important part of the socioeconomic chain of the society especially in developing nations. The current study therefore evaluates the outcome of adult patients with CSE, admitted into the neurointensive care unit (NICU) of a tertiary care center in South India. 
Materials & methods

Definitions
Status epilepticus was defined as seizures lasting for more than 5 min or recurrent epileptic activity over a period of more than 5 min without regain of the pre-existing level of consciousness. 1 RSE was defined as SE resistant to one first line and 1 s line AED, requiring general anesthesia (GA). 21 Super RSE was defined as SE that continues 24 h or more after the onset of anesthesia, including those cases in which the SE recurs on the reduction or withdrawal of anesthesia. 22, 23 If SE recurred days after withdrawal of anesthetic drugs and warranted re-administration of similar drugs, the length of the NICU stay included the seizure free days too.
Acute symptomatic
SE in the setting of an acute medical or neurological illness.
Remote symptomatic
SE resulting from past conditions resulting in a static encephalopathy or an antecedent insult such as stroke.
Pre-existing epilepsy
Known patients of epilepsy with or without AED compliance.
Idiopathic or undetermined
SE due to conditions presumed to be symptomatic, but the cause is unclear. 24 
Treatment
All the patients were treated according to established guidelines. 22 The initial treatment included benzodiazepines (diazepam or lorazepam or midazolam) followed by intravenous AEDs (phenytoin, phenobarbitone, sodium valproate or levetiracetam alone or in combination). For GA drugs used included thiopental, midazolam or propofol infusion. Support with mechanical ventilation was provided whenever necessary. 25, 26 The study was approved by the institutional ethics committee.
2.3.
Complications
Sepsis was defined as infection plus systemic manifestations of infection. Sepsis plus sepsis-induced organ dysfunction or tissue hypoperfusion was considered as severe sepsis. 27 Acute kidney injury (AKI) was defined as increase in Serum Creatinine by !0.3 mg/dl within 48 h; or Increase in Serum Creatinine to !1.5 times baseline, which is known or presumed to have occurred within the prior 7 days; or Urine volume <0.5 ml/kg/h for 6 h. 28 Acute hepatic failure was described as the development of severe acute liver injury with encephalopathy and impaired synthetic function (INR of !1.5) in a patient without cirrhosis or pre-existing liver disease. 29 3.
Statistical analysis
The entire cohort was divided into two groups, alive and dead at the end of stay in NICU. The differences between the groups were analyzed using chi-square test for categorical variables and unpaired students t test for continuous variables. Spearman correlations were used to analysis association between the variables and mortality, where r > 0.3 and p < 0.05 were considered significant. Odds ratio for relative risk for mortality was performed across the four main etiological groups. All the variables which showed significant correlation with mortality were included for a step wise linear regression analysis to assess predictors of mortality where, b > 0.300; p < 0.05 were considered significant predictors. Statistical Package for Social Sciences (SPSS, ver. 17.0, IBM computers, Illinois, Chicago, USA) was used for statistical analysis.
Results
A total of 105 patients included for analysis, 40% (42) patients were women. The mean age of the study population was 33.25 AE 11.75 years. One third (35) 
Mortality/outcome analysis
A comparison of the study variables between patients who died and those alive ( Table 1) , showed that a significantly lower number of patients who died had past history of seizures (15.0% vs 37.6%; p ¼ 0.043). Similarly, acute symptomatic etiology (85.0% vs 51.8%; p ¼ 0.041) was more common in patients who died in NICU, a detailed comparison of mortality across the various etiology groups in summarized in Table 2 . Importantly, acute symptomatic etiology increased the odds of death 5.28 times (95% confidence interval (CI): 1.44e19.35) (p ¼ <0.01). RSE accounted for 80% (16) of the deaths. Moreover, all the complication associated with mechanical ventilation like severe sepsis, acidosis, were significantly higher in patients who died in NICU, as summarized in Table 2 . On further analyses for factors associated with mortality, etiology failed to show strong correlations with mortality (r < 0.300). On the contrary, RSE showed significant and strong correlation with mortality (r ¼ 0.392; p < 0.0001). Furthermore, all the complication related with prolonged mechanical ventilation, showed significant and strong correlation with mortality, summarized in Table 3 . However, regression analysis for predictors of mortality in the study population showed that none of the factors were significant predictors of mortality. i n t e r n a t i o n a l j o u r n a l o f e p i l e p s y 1 ( 2 0 1 4 ) 1 6 e2 0 5.
Discussion
The current study with an exclusive cohort of adult patients with CSE is the first of its kind in India, to evaluate the clinical characteristics and outcome in these patients. The findings of the current study suggest that acute symptomatic etiology makes an important contribution not only in making CSE refractory to treatment, but also in determining the outcome in these patients. The implications for clinical practice are that possibly aggressive management of the underlying etiology may help improve clinical outcome in these patients.
Studies looking at the entire spectrum of age from children to elderly, have previously reported an incidence of 20% for idiopathic etiology, however, in the current study, we observed that only 10.5% of the entire cohort had an undetermined etiology. 30 In concordance to previously reported studies, 31 infections of central nervous system, contributed to one third of the overall etiology. Importantly, the current study reinforces that fact that acute symptomatic etiology and CNS infections continue to significantly increase the risk of mortality. 32e35 Studies previously done reported that longer duration of SE predicts treatment response in these patients, 11 but the retrospective design of the study restrained us from ascertaining the duration of SE prior to presentation to the hospital. Also the current study did not aim at looking at the predictors of RSE.
While acute symptomatic etiology increased the risk of mortality; the overall mortality in this study group of adult patients (19%) is low in comparison to mortality reported by large scale studies elsewhere previously, 36 probably due to improved management of CSE patients over the last decade. This may probably be due to lesser severe etiology which in turn may be due to better immunity in the adults when compared to children and elderly. This statement is encouraged by our findings that only 7.6% of the study population developed infections and subsequent spiral of events. In the entire population, more than two thirds of the patients were independent for activities of daily living (ADL), which is encouraging for the treating physician to continue optimal management in these patients.
In concordance to existing literature, 21 more than one third of the study population progressed to RSE; furthermore, a significant percentage of these patients had a poor outcome, suggesting that irrespective of age group, RSE patients have a poor prognosis. Our findings that RSE is the most strongest and significant association of mortality in this group reiterates similar findings observed by researchers in children and elderly people 37 with CSE. Not only is refractiveness to treatment but also the successive events like requirement for mechanical ventilation and subsequent complications also contribute towards increased mortality observed in RSE patients. Therefore, patients with RSE should be treated aggressively not only for the underlying etiology but also to prevent systemic complications due to prolonged hospital stay especially on mechanical ventilation.
Strengths & limitations
Our study comprises of a large data of CSE patients collected from a single center. The etiological diversity suggests that the findings are plausible due to referrals from all over the state. Variation of treatment is expected in a retrospective study; however these variations might have not affected the findings of the study. Despite being a large cohort of CSE patients, our findings may have been under powered to detect few associations. Due to the retrospective nature of the study, duration of SE prior to admission to the hospital could not be obtained.
Conclusion
We conclude that adult patients with CSE differ from the children and elderly; where in the mortality rate among adults with CSE is lower than other age groups. The prevalence of RSE and its related mortality is similar to those reported in i n t e r n a t i o n a l j o u r n a l o f e p i l e p s y 1 ( 2 0 1 4 ) 1 6 e2 0 children, elderly and a mixture of population. Moreover, acute symptomatic etiology, is not only the most prevalent etiology but also increases the risk of mortality in adults patients with CSE. Aggressive management of the underlying etiology and preventing CSE to progress to RSE may help improve outcome in these patients, however, further research is required in this direction.
